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Introduction

High Yield! Disease and Insect Resistance! High Quality! Toler-
ance to Frequent Cutting! Drought Tolerance! Winterhardy! Per-
sistence! What a demand? — But yet the consumer is demanding
all of this from our forage legumes. Annual crops such as corn,
soybeans, oats, and wheat are never subjected to all these extren
criteria. Can perennial legume cultivars be developed to fill all
these demands??? Farmers are looking for all these attributes a
they choose the legume cultivar to plant. Once established, yield,
longevity, quality and to a certain extent, pest resistance, are a
function of management. Probably the two most desirable at-
tributes of a forage legume are persistence and consistent higt
yields. These attributes are not always positively associated, anc
they are quite often negatively associated with high quality
forage. What is persistence? | like to think of it as stand longevity
and to describe it as the survival of plant material against specific
stresses unique to the existing environment. Forage stand deple
tion begins as the seed is planted and becomes evident as soon
harvesting, grazing or cutting commences. The loss of stand
continues progressively, depending on the interaction of climatic,
pest, edaphaic, management, and physiological factors as well a:
competition among species. Plants’ responses to these factors an
their ability to persist under hay or grazing conditions is depen-
dent upon the degree of stress imposed. In the field, the environ-
ment is continually changing, imposing an ever changing set of
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“... most of the attributes of
a good cultivar, especially
yield, quality and
persistence, have low
heritability and are
controlled by many genes.”
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stress conditions. Improving persistencegenetic manipulation of populations
is probably the most cost effective activ- much more difficult. Thus, breeding
ity a plant breeder can undertake toprocedures such as pure line develop-

improve forage legumes. ment, hybrids, etc. are of limited value
to the forage breeder.
i Probably the most frequently used
Recqrrent SE|eCtlon For breeding procedure has been to select
PerS|Stence plants based on their visual appearance,

response to stress or chemical constitu-

First let us establish a basic difference . h Basicallv. the pl
between most annual grain or soybeantlon (phenotypes). Basically, t ep ants
are evaluated for the appropriate at-

crops and the perennial forages, espe- i i . in vield
cially the legumes. As the consumer ortM ute (disease resistance, protein, yield,

farmer sees them, the former are gener-etc') and, according to their response,
ally pure line or hybrids, i.e., very uni- the most desirable plants are selected

form in their genetic constitution. In andintercrossed to produce brogeny for
contrast, most forages are cross polli_subsequent quluatlon qnd selection. If
nated species and each cultivar or vari-the attribute IS highly heritable and con-
ety is made up of numerous genetically trollgd by asingle or few genes, the_n the
different individuals. In addition, many de_S|red Igvel of performance is achieved
forage species are polyploid, have moreq.UIte rapidly (one or two cycles of selec-

than two (diploid) copies of each chro- tr']on)' lOn t::e pthbe.lr. handa ifthe attriblljlt%s
mosome, which makes selection and ave low heritability and are controlle

by many genes, then selection progress
- 360 is slow and many cycles of selection are
50 required to achieve the desired level of
response. Unfortunately, most of the
attributes of a good cultivar, especially
yield, quality and persistence, have low
heritability and are controlled by many
genes.

13 Itis quite easy to effectively select for
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290 some attributes such as pest resistance,
quality parameters or seed production
on an annual basis, usually under con-
1% trolled conditions, and complete many
cycles of selection in a relatively short
period of time. This was the procedure
used early in our program on the im-
provement of red clover (Smith and
Kretchmer, 1989), but | became con-
cerned as to what effect selection, on an
annual basis, has on yield and persis-

N
©

5 &
Grams sq. per Plant x 1000

.

i
o

@
S

~
=]
T

o
S
T

o
<3
T

IS
S

—

’// N. Anth, Persistence

Percent Reistasnt
©
8

N
<]

e tence. Therefore, we evaluated in the
17 field, four populations that represented
fourannual cycles of selection conducted
in the greenhouse for resistance to the
disease northern anthracnose. We mea-
sured forage yield, the genetic variation
for yield and persistence of these four
populations in comparison to the origi-
nal base population. Both forage yield
and the genetic variance for yield in-
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creased in the first cycles but steadily
decreased after the second andfirst cycles
of selection, respectively (Figs. 1A and
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Figure 1. Response of annual selection for northern anthracnose in red 1B). In contrast, persistence did not
clover on yield (A), genetic variance for yield (B) and persistence (C). change significantly over the same cycles
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US Dairy Forage Research Center, 1996 Informational Conference with Dairy and Forage Industries



Tons Dry Matter Per Acre

Selecting High Quality Forage Legumes

was somewhat reduced by the release of

M year 2 Oyear 3 Myear 4 Arlington (Smith et al. 1973) and Mara-

thon (Smith 1994). An added bonus is
— that resistance tBusariumroot rot in-
creased (without imposed selection)
from 39% in Lakeland (releasedin 1953)
to 65% in the new Wisconsin
Experimentals. Undoubtedly, selection
for persistence in 3- or 4-year-old stands
was also selecting for resistancd-to
sarium (Smith et al. 1995). Currently,
were are continuing to select (Wis. Exp.,
Fig. 2) within these cultivars to improve
pest resistance using a combination of

Lakeland Arlington Marathon Wis Exp H .
50's sos  Culivar 70,6 80's recgrrent pheno.typlc selgctlon, progeny
testing and family selection.
Figure 2. Progressive improvementin the performance of red clover .
resulting from four decades of breeding for persistence and disease Forage Quallty VS.

resistance.

“PECTIN - A new quality
parameter?”

Persistence

of selection (Fig. 1C). Even though per- FOrage legume species have excellent
sistence was not changed during annuafrage guality when harvested during

selection for disease resistance, we be!l€ éarly phases of reproductive growth.
lieve it appropriate to field test the selec- HOWever, as plant breeders have at-

tions after two or three cycles of annual t€mpted to alter the less digestible frac-
selection. This provides an opportunity 1N (lignin-carbohydrate complexes) of

to evaluate the germplasm for agro- the plant they have generally met with
nomic performance such as persistencémdes"able correlated responsesin other
and forage yield. If conditions are ap- attributes. Kephart et al._(1989) r_eportt_ad
propriate, it also provides opportunities that the leaf-to-stem ratio was higher in

to evaluate the selected populations for/®W lignin lines than high lignin lines

field tolerance to the desired attribute. Selected by Hill (1981) for whole plant
The improved germplasm in these field 2Cid detergent lignin (ADL) concentra-
tests also provide source material for tion. Significant differences observedin

selection for persistence after severalqu"ﬁ“;y pa_ramet;ari of Iezf and sterlr_1 cell
years of evaluation, wall fractions of these divergent lines

With this in mind and in an attempt to Were generally diluted by the differ-
develop persistentred clover germplasm,ENCeS in leaf-to-stem ratio between the
the emphasis of the USDA-ARS and high and low lignin populations (Kephart

University of Wisconsin breeding pro- et al. 1990). After three years of growth

gram has been to select 70 to 100 surviv-" the field only 34% of the plants in the

ing, reasonably healthy plants from 3- low lignin lines had survived in contrast
or 4-year old field tests and to intercross {©© 4% in the high lignin lines (R.R.

these selected plants, thus, generating £t and D.R. Buxton, unpublished
new cycle of persistent selection. The d&t@). This type of evidence is support-

subsequent progeny are again subjectedve of th_e concept that during selection
tofurther attribute evaluation and screen- 0" quality both the leaf and stem frac-
ing. Since the 1950's this process hastions need to be considered and that
been repeated four times. Progress fron/t€ring quality factors may have impact
this process is presented in Figure 2.0N Persistence and yield.

Substantial improvement in forage dry i . ”
matter yield at the end of the 4th year hasPE(_:TIN_ A new quallty parameter:
been achieved. In the past, red cloverEStimating Pectin by NIRS _
stands declined rapidly between the ongEarlier in this conference Dr. Hatfield
and 3rd years, often severe enough tgelated to you the importance of pectic
discontinue the sward. This problem polysaccharides to the cell wall matrix
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mist. Significant differences for leaf and
stem cell wall pectin concentration were

w 156 Leaf mean observed among the 33 entries tested at
€ 5al ° ° Arlington, WI (Fig. 3) and for leaf cell

® wall pectin concentration among the 36
%15_2 L o0 PP PY entries tested at Marshfield, WI (Fig. 4).
< ° ° It seemsthe mostideal germplasm would
- 15 eoeo L ) ) be that which is high in both leaf and
-% I—o ® Stem mean stem cell wall pectin. This preliminary

£ 148 e oo ) data from the Arlington location (Fig. 3)

§ would suggest that at least two entries
Q146 [ g o would fall into the desirable class of
E I b high leaf and stem pectin. Further analy-
o 1a4r -SD +wsp @ sis needs to be completed to validate
& I | | | | | these results and to expand the number

v T s 4 s 1. s of cultivars and locations tested.

Pectin concentration (% DM) leaves
Selection for Cell Wall Pectin
Figure 3. Distribution of 33 alfalfa cultivars or experimental lines at first harvest for ~ To further test the effectiveness of these
pectin concentration of leaf and stem cell walls, Arlington, WI. equations, we predicted the pectin con-
centration of leaf and stem cell walls of
64 alfalfa plants previously selected for
winter survival. From these predictions,
five groups were formed - high and low

16.4 Leaf mean " ; g
" ° leaf pectin, high and low stem pectin,
E, 162 1 and high leaf and stem pectin. Three to
o four plants representing each group were
g ° intercrossed. The subsequent polycross
< 161 o o ee progeny from these crosses and the re-
g L L4 L4 g Stem mean ;pectiye parents have been established
= 158 ® in the field and will be evaluated for cell
£ ) ) e o o wall pectin concentration. The objec-
§ 156 I PY PY tive is to develop populations with high
9 and low leaf pectin and high and low
£ 54l ® stem pectin to validate the effect of
e -SD +SD altered cell wall pectin concentration on
& | | | | | | | | | | animal nutrition. These polycross prog-

1522 s 9 o 0 105 eny will also be evaluated for ADF,

Pectin concentration (% DM) leaves NDF, ADL, protein, digestibility, leaf-
to-stem ratio, etc. to determine corre-
lated responses as a result of selection

Figure 4. Distribution of 36 alfalfa cultivars or experimental lines at first harvest for .
for cell wall pectin.

pectin concentration of leaf and stem cell walls, Marshfield, WI.

and their implication to forage quality Forage D|Sease VS.

and animal nutrition. In addition, he gggitrzzg](?p;e(ﬁrlégl;rasrsgctrrjle;;?gc; PerS|Stence and Y|e|d

presented data which suggested thatiye plant tissue. In cooperation with Mr. Diseases are a major cause of premature
perhaps there was sufficient genetic \arkus Daepp (pre-doctoral student stand decline in forage legumes. Rarely
variation within our forage legumes t0 - from Switzerland), we applied the equa- do they act independently but merely as
warrant further investigations. Since ons to the plant tissue derived from the one component of a group of biotic and
the process described by Dr. Hatfield is fjrst seasonal growth (bud stage) of al- abiotic agents which interact to shorten
rather tedious and time consuming, We fa|ta cultivars and germplasm lines (en- stand life (Leath 1989). However, con-
were interested in utilizing some sys- yries) peing tested in the Wisconsin al- siderable evidence is available which
tem or technique to simplify the mea- t4ifa variety trials at Arlington and suggests that, when forage disease
surement of cell wall pectin. Using the - \jarshfield Research Stations under theepiphytotics occur, both yield and per-
chemical information provided by Dr. - gypervision of Dr. D.J. Undersander, sistence are increased when resistance
Hatfield, we generated predictionequa- yjsconsin Forage Extension Agrono- to the causal plant pathogens has been
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“Mycoleptodiscus terrestris
— A new, potentially

important disease pathogen
of legumes in the midwest.”
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incorporated into forage legume tion for resistance has been initiated in
germplasm (Barnes et al. 1969, Elgin etbirdsfoot trefoil and red clover.

al. 1981, Leath 1989, Leath et al. 1996).
Somediseases,especiallyfoliardiseases:rhe Question S“”

have been reported to have a negative }
impact on forage quality (Smith and Remams:

Maxwell 1971, Leath etal. 1978, Mainer . .
and Leath 1978, Leath 1989, Lenssen etcan p erennial /egume cultivars be

al.1991). Therefore, | don't think there dev‘?/‘)ped fo fill a,” the demands we

is any question as to the importance ofal€ imposing on it???

disease resistant germplasm to foragel believe we can improve our present

yield and stand longevity. This relation- germplasm to incorporate the desirable

ship relative to the longevity of red clo- attributes that we wish to be included,

ver was pointed out earlier in this paper. but we may have to make some compro-
Mycoleptodiscus terrestrisA new, mises along the way. | do not see any

potentially important disease pathogen “quick fixes” for these improvements,

of legumes in the midwest. especially if we are demanding longev-
The soilborne fungusMycolepto- ity in the respective species. As new and

discus terrestris, was recovered from expanding technologies are developed,

decaying roots and stems of birdsfootimprovement in our plant performance

trefoil plants sampled from two-year- will require a concentrated approach

old yield trials, in 1994 and establish- involving personnel from different dis-

ment year stands, in 1995 at the Arling- ciplines. With declining fiscal resources

ton Agricultural Research Station, Ar- in the public sector it is imperative that

lington, WI. Although recognized in we have cooperative efforts between the

states south of WisconsiM, terrestris  private and public plant breeders to

has not been implicated in poor health of maintain the level of research and

forage legumes in WisconsinM.  germplasm improvement we currently

terrestrishas been previously reported have.

to be pathogenic on alfalfa, red clover

and birdsfoot trefoil in Illinois i

(Gerdemann 1954). Presence of thisGermpIasm Avallable for

pathogen in the upper Northcentral statesR e|ease

may explain some stand establishment .

failures that otherwise have been unde-Red C_Iover: . )

Multiple disease resistant germplasm:

termined. The fungus has been reported . . .
X : o Persistent, disease resistantgermplasm
to be pathogenic on birdsfoot trefoil in or cultivars

Missouri (Pettit, et al. 1969) and eastern gjrqsfoot Trefoil:

US (Carrolland Whittington 1991). Only  High yielding, large seeded, excellent
the trefoil cultivar Dawn (Beuselinck seedling vigor cultivar, WITT

1994) and the germplasm CAD  highyielding, excellent seedling vigor
(Beuselinckand Steiner 1994) havebeen  germplasm tested as TREVIG
reported to have some degree of resisyyra Clover:
tance (tolerance) ®. terrestrisHow-  High yielding, excellent seedling
ever, noresistance has beenidentifiedin  yigor, persistent germplasm or cul-
trefoil germplasm adapted to the north- tjyar, WiSAMB
ern area of the midwest. Forage legume | 5rge seeded populations at the dip-
germplasm has not been characterized |oiq, tetraploid, and hexaploid level,
extensively for reaction td. terrestris. 2xLS, 4xLS, 6xLS
In cooperation with Dr. C.R. Grau, we
have established that the Wisconsin-
derived isolates oM. terrestris were REFERENCES
pathogenic on a|sike, berseem’ kura’ recBarnes, D.K., S.A. Ostazeski, J.A. Schillinger,
d white clover. alfalfa. birdsfoot tre- and C.H. Hanson. 1969. Effect of anthracnose
ar? wni ’ ' ) (Colletotrichum trifolii) infection on yield,
foil and sweetclover. Inoculation proce-  stand, and vigor of alfalfa. Crop Sci. 9:344-346.

; ; Beuselinck, P.R. 1994. Registration of Dawn
dures are being standardized and selec birdsfoot trefoil. Crop Sci. 34:540,
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